Abstract.One of the most important criterion in the design of fixed offshore platform is to have strength from applied loads which is acting perpendicular to jacket leg section such as axial compression.The axial compressive load acts vertically downward to jacket legs and the deformation on the jacket legs in horizontal direction due to this load is called buckling. In the present study, buckling analysis on pechiko field of fixed offshore platform is performed using Finite Element Analysis (FEA). The fixed jacket platform namely tripod and tetrapod are taken as the object of the analysis. Only the axial compressive load is used in the analysis and the boundary conditions are assumed to be fixed both tripod and tetrapod at the bottom seabed. As a fundamental case, buckling analysis is carried out in plane-section (2D analysis), then the result obtained by FE analysis is compared with the analytical solution.It is found that the result obtained by FE analysis for the critical buckling load is in good agreement with the analytical solution, and the applicability of FE analysis is further used to investigate the deformation of 3D model.
Introduction
Fixed offshore platform is one kind of the offshore structure which is generally used in Indonesia. The structure commonly categorized as a column structure where the axial compressive load is applied to the jacket legs. The jacket legs play an important role because axial compressive loads are distributed vertically to these legs and the structure can deformed in horizontal direction, so this phenomenon is called buckling.
Buckling can be analyzed using the Euler buckling formula or critical buckling load. The Euler buckling load is the load for which an ideal structure will first become unstable and buckle if slightly perturbed from its equilibrium position [1] . Due to eccentricity of the column and load, inelastic action and residual stress, the ultimate load will be less than the Euler buckling load. Generally, the ultimate load is the load concern, but the Euler buckling load is helpful information. The linear elastic buckling load is easily calculated and can give an idea of the type and pattern of ultimate failure [2, 3] .
In the present study, buckling analysis on Pechiko field of fixed offshore platform is performed using Finite Element Analysis (FEA). Two kinds of fixed jacket platform namely tripod and tetrapod are taken as the object of the analysis. Only the axial compressive load is used in the analysis and the boundary conditions are assumed to be fixed both tripod and tetrapod at bottom seabed. As a fundamental case, buckling analysis is carried out in plane-section (2D analysis), then the result obtained by FE analysis is compared with the analytical solution. It is found that the result obtained by FE analysis for the critical buckling load is in good agreement with the analytical solution, and the applicability of FE analysis is further used to investigate the deformation of 3D model.
Method of Analysis
It has been proven practice that the critical buckling load is calculated using the Euler approach. The Euler buckling load or critical buckling load is commonly expressed by,
k is a constant value depending on the end support, L is the length of column, L e and P are effective length of column and axial compressive load, respectively as shown in Fig. 1 .
Fig. 1. Effective length of column for different end conditions
The tripod and tetrapod of fixed offshore platform are used as the object to analyze the critical buckling load as shown in Fig. 2 . The boundary conditions are assumed to be fixed at bottom seabed and the material properties are set to be constant. To calculate the Euler buckling or critical buckling load, those structures are setup in plane-section and symmetric at any plane. Therefore, as a fundamental case, buckling analysis is carried out in the x-z plane, particularly at the lower section. The axial compressive load is applied to the jacket legs as shown in Fig. 3 . The column length of tripod and tetrapod is 351.9 in and 735.7 in, respectively. The moment of inertia for tripod is 7383.479 in 4 and tetrapod is 44480.14 in 4 . In the FEM analysis, the property modification factor for area is set to be 100000 and the property modification factor for shear area is set to be 0. These properties modification factor are imposed for all structures. 
Result and Discussion
The critical buckling load is calculated using FE analysis. The result obtained by FE analysis for tripod and tetrapod structure is summarizedin table1. According to the The difference between FE analysis and analytical solution may be caused by addition of diagonal brace which is located at the plane frame. The axial compressive load acting on the jacket leg vertically also gives effect to the support reaction through this diagonal brace. The differenceresult obtained by FE analysis and analytical solution is also different caused by the moment of inertia for each structure and the typical of the structural shape. The moment of inertia is influenced by the difference of diameter and web thickness for all members especially for the jacket legs.
Since the axial compressive load gives differs supporting reaction due to addition of diagonal brace including diameter and web thickness on the structure, so that the end support gives unequals reaction.Deviation of result of the critical buckling load between FE analysis and analytical solution for tripod is 1.8% and tetrapod is 0.5%. Such effect may be induced by the 3D model which is not probably considered in the analytical solution. It is clear in Fig. 4 where the reaction at the end support for two jacket legs on the plane frame is unequal reaction due to existing of diagonal brace both tripod and tetrapod structure. It should be remembered that the assumption of the end support is completely fixed condition at the bottom seabed, correspondingly with the constant value (k) based on the Fig. 1 . This result is strengthened through the comparison of the critical buckling load as shown in Fig. 5 . The result of the critical buckling load obtained by FE analysis is always larger compared to analytical solution neither tripod nor tetrapod structure because of the 3D FE model.
For the case of structural behavior, the lower and the higher mode are selected to show the deformation shape of the tripod and tetrapod structures under axial compressive load. Mode 4 is observed because in this step the structure is being deformed as shown in Fig. 6 . According to this figure, it can be seen that the deformation shape of the column as consequence by critical buckling load which is acting on the jacket leg, deformation shape of two structures can be identically categorized. Fig. 7 describe the deformation shape for mode 6. In this step, when the dimensions of the structure along the jacket leg under compressive load, one of the element structures buckle in verticaldirection and the deformation of this behavior is commonly take placed. The accumulation of deformation that occurs at the perpendicular trunk due to any load will change based on the stiffeness of the material properties. It is also found that the deformation shape of mode 6 is larger compared to deformation shape for mode 4 (Fig. 6) . This may be due to eccentricity H/B (height/breadth) ratio of column and load, inelastic action and residual stress during buckle. It may be predicted that the collapse behavior of the material for tripod structure is quicker than tetrapod. This is because H/B ratio of tripod column structure is smaller than tetrapod, although the end support is totally fixed condition. For this reason, the tripod is categorized as a short column.
For the comparison and validation purposes, buckling analysis was studied by adopting the model calculated by Timoshenko [5] . A rigid steel frame structure had been analyzed and investigated including its deformation behavior under axial compressive load. Firstly, the geometry dimensions and material properties were set up to be identic. Then, the axial compressive load was applied only on the vertical bar assuming that the end support was completely fixed condition. Finally, the critical buckling load was calculated and deformation of the structure was discussed. What Timoshenko did, the Computer and Structure (CSi) [6] also conducted by considering the same model. The model was also analyzed to obtain the critical buckling load.
To calculate the critical buckling load, the CSi used Finite Element Method (FEM) for the comparison and validation purposes. It was found that the critical buckling load obtained by Finite Element Method was in good aggreement with the analytical solution performed by Timoshenko. Although, there was still a little different due to 3D FEM model and some constraints in the application which is not taken into consideration when the analytical solution was used, but deviation of result of the critical buckling load between two methods were not significant influences, because deviation result was very small, less than 5% at least. This indicates that the software verification result performed by CSi was able and suitable to be used for the comparison and validation of the structure.
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From this view point, it can be concluded that the diagonal braces has significant effect toward the critical buckling load including its behavior which was not considered by the previous model. Because the model calculated by Timoshenko and CSi did not have diagonal brace. For the case of boundary conditions, the structures previously discussed give different value of the critical buckling load. This is because the assumption of the jacket legs at the bottom seabed is completely fixed condition, however, the buckling shape for tripod and tetrapod is almost identic for mode 4, but for mode 6 is not. The explanation of the mode 6 has been already discussed. It is therefore that the Finite Element Method can be effectively applied to assess and validate not only the critical buckling load, but also deformation shape of the structure, because the Finite Element Method can show the animation when the load is applied. This tool cannot be applied when the analytical solution is conducted.
Summary
The critical buckling load of a tripod and tetrapod under axial compressive load is investigated applying FEA method. The following conclusions can be drawn: 1. A significant global buckling deformation of the column is caused by addition of diagonal brace.
This addition of diagonal brace gives contribution to supporting reaction value. 2. The comparison result obtained by FE analysis and analytical solution give a reasonable estimate of the critical buckling load.
